versus placebo. The improvement on SCIs with PDE5 inhibitors was found to be large (standardized mean difference 0.71; 95% CI 0.39-1.03), with a high heterogeneity (I 2 = 74.4%). Conclusions: PDE5 inhibitors are effective for the treatment of erectile dysfunction secondary to SCI.
Introduction
Spinal cord injury (SCI) is a public health problem that primarily affects patients of working age (55%), producing a negative impact on the quality of life [1] . In the United States, the annual incidence and the prevalence are estimated between 130 and 1,124 cases per million people and 11.5-53.9%, respectively [2] , and it is one of the most important causes of erectile dysfunction in men under 40 years [3] . SCI constitutes an absolute limitation for the development of sexuality, erection and fertility. It is now considered that the lack of sexual motivation is associated with social isolation and limitation for rehabilitation. Sixty-six percent of patients with spinal cord trauma consider their erection sufficient to perform sexual intercourse, although both men and women report low fre-quency sexual activity [1, 3] . In men with complete SCI, more than 80% can achieve erection, whether reflexogenic, psychogenic or mixed; however, most of them require some kind of treatment for erectile dysfunction. Meanwhile, in patients with incomplete injuries, a large proportion of them also require treatment [4] .
Phosphodiesterase 5 (PDE5) inhibitors have been extensively studied in the context of erectile dysfunction. At present, 3 drugs of this group are available for commercial use: sildenafil, tadalafil and vardenafil. They act by a selective blocking of the enzyme PDE5, which catalyzes the hydrolysis reaction of cGMP making GMP; accordingly, the blood flow is increased cavernous through smooth muscle relaxation, which prolongs the erectile function (EF) [2] . PDE5 inhibitors represent a safe and well-tolerated strategy in the management of erectile dysfunction secondary to SCI [5] , as described in a systematic review developed by DeForge et al. [6] . Although, it included observational studies, it stated that these interventions could affect sexual activity positively in SCI patients.
We aimed to determine the effectiveness of the PDE5 inhibitors for the treatment of erectile dysfunction in patients with SCI.
Methods
A systematic review and meta-analysis of randomized clinical trials conducted on male patients older than 18 years and diagnosed with spinal cord trauma and secondary erectile dysfunction was performed. We investigated the efficacy of PDE5 inhibitors in comparison with placebo or no intervention, considering the erectile dysfunction measured by international index of EF (IIEF) as primary outcome. Studies without the assessment of effectiveness or erectile dysfunction were excluded.
Procedures
We designed a search strategy for studies published in Medline via PubMed, CENTRAL and EMBASE (last search 05/2016). The search strategy was specific for each database and included a combination of the medical subject headings and free text terms for the condition of interest. No language or publication status restrictions were present. We included studies conducted and/or published between 1980 and 2016. The full search strategies are reported in online supplementary eAppendix 1 (see www.karger. com/doi/10.1159/000448290). The results of searches were crosschecked in order to eliminate duplicates. Two investigators independently and blindly screened the titles and abstracts to determine the potential usefulness of the articles. Eligibility criteria were applied to the full-text articles during the final selection. When discrepancies occurred, an agreement was charted out to make a final decision. No language restrictions were imposed. Data were collected using a standardized data extraction sheet, which contained study design, methods, participants, and outcome details.
Reviewers confirmed all data entries and checked at least twice for completeness and accuracy.
The risk of bias was ascertained with the Cochrane Collaboration instrument [7] . This instrument assesses the description and suitability of 7 domains: sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective outcome reporting, and other sources of bias. Some domains are assessed at study and the remaining ones at the outcome level. A judgment on the risk of bias for each entry is given in terms of low, high, or unclear risk.
Statistical Analyses
Effect sizes were calculated as follows: standardized mean differences (SMDs) were calculated for continuous outcomes and ORs for dichotomous ones. SMDs were subsequently re-expressed as OR to allow further combination of continuous and dichotomous outcomes [8] . An SMD of 0.2 was considered small, of 0.5 moderate, and 0.8 large [9] . Studies comparing 2, or more, IIEF scales for erectile dysfunction were combined in a one single effect estimate. Between-study heterogeneity was assessed using Cochran's Q test [10] jointly with the I 2 index [11] , which enables the percentage of variation in the combined estimate that can be attributed to heterogeneity to be established (<25%: low heterogeneity; 25-50%: moderate; 50-75%: high; >75%: very high). The study-specific estimates were pooled using a random effects model by means of the inverse variance method in the presence of statistical heterogeneity, and using a fixed effects model otherwise. Additional sub-group meta-analysis was conducted by the type of PDE5 inhibitors. Analyses were conducted using Stata statistical software, release 12 (StataCorp, College Station, Tex., USA).
This study was registered with the international prospective register of systematic reviews (PROSPERO): CRD42014010477.
Results

Description of Studies
Six studies out of 57 conducted with the search strategies designed, were finally included in the review ( fig. 1 ). Overall, 963 male patients over 18 years with ED attributable or subsequent to traumatic SCI were included in these studies ( table 1 ). In 4 of these studies, patients were randomized to the treatment group receiving sildenafil (Viagra), usually in doses ranging between 50 and 100 mg. The comparison group was placebo [12] [13] [14] [15] . The remaining 2 trials did compare tadalafil, 10-20 mg dose [16] , and vardenafil, 5-20 mg dose [17] , both versus placebo.
Overall, all studies included patients older than 18 years, except for Khorrami et al. [15] that included patients aged 44-55. Sample size ranged from 26 [13] to 418 patients [16] . Efficacy of treatment was determined by using different instruments in each study: the IIEF 3 and 4 questionnaires [12] ; the Global Efficacy Assessment (GEA) questions 3 and 4 [13] : the GEA question 1 [14] ; the IIEF5 questionnaire [15] ; the IIEF questionnaire, the EF domain and the sexual encounter profile (SEP) questions 2 and 3 (SEP) [16] ; and the IIEF-EF questionnaires and responses to the SEP questions 2 and 3 [17] .
Adverse Effects
Khorrami et al. [15] found 8 patients with headache, 4 patients with flushing and gastrointestinal discomfort in 3 patients [15] . Ergin et al. [14] only described that there were no differences between groups (p = 0.19). In Maytom et al. [13] , 15 patients experienced any kind of adverse effects in the sildenafil group and 12 patients in the placebo group (mostly headaches) [13] .
Giuliano et al. [16] , found 29 patients with adverse effects in the tadalafil group compared to 5 patients in the placebo group (mainly headaches). In Giuliano et al. [17] , 61 patients experienced any adverse effect in the vardenafil group versus 18 patients in the placebo group (primarily headaches and flushing). Giuliano et al. [12] showed 54 patients with any adverse effect in the sildenafil group compared to 10 patients in the placebo group (mostly headaches and flushing).
Risk of Bias
According to the Cochrane risk of bias tool, the study by Khorrami et al. [15] had unclear risk of selection bias, since neither the random sequence generation nor the allocation concealment was clearly explained. In addition, the method used to blinding the subjects and personnel is not fully explained, and also the outcome assessment, which is similar to the Ergin's study [14] . Two of the studies of Giuliano et al. [16, 17] had high risk of attrition bias since many patients discontinued the assigned treatment. Similar to the studies of Maytom et al. [13] , Ergin et al. [14] and Khorrami et al. [15] , there was an unclear risk of selection, performance and detection bias in the studies. On the other hand, the first study by Giuliano et al. [12] , had a high risk of selection, performance and detection bias since authors could easily know the randomization and blinding codes ( fig. 2 ) . Figure 3 shows the effect of PDE5 inhibitors compared with placebo from a meta-analysis through a random effects model. The improvement on SCIs with PDE5 inhibitors was found to be large (SMD 0.71; 95% CI 0.39-1.03) with a high heterogenerity (I 2 = 74.4%). The results stratified by the type of drug are shown in table 2 . The effect of sildenafil, compared with placebo, from a random effects meta-analysis was found to be the largest (SMD 1.05; 95% CI 0.36-1.73, I 2 = 82.5%). Tadalafil compared with placebo showed a moderate effect (SMD 0.55; 95% CI 0.35-0.75), while the effect of vardenafil was a small effect (SMD 0.35; 95% CI 0.13-0.57). However, these last comparisons were based only on a single study.
Efficacy of PDE5 Inhibitors
Discussion
Six studies were included in qualitative and quantitative analyses. Nine hundred sixty three patients were included in all studies [12] [13] [14] [15] [16] [17] . The overall efficacy of PDE5 inhibitors was SMD 0.71; 95% CI 0.39-1.03, with a high heterogeneity. PDE5 inhibitors selectively block the enzyme PDE5, which catalyzes the hydrolysis reaction of cGMP making GMP; accordingly, it prolongs EF [2] . PDE5 inhibitors have been studied in the context of erectile dysfunction in general patients [18] and in SCI, and they represent a safe and well-tolerated strategy in its management [5] . There are important and numerous articles supporting the effectiveness of PDE5 inhibitors in the treatment of ED in the general population with high heterogeneity [18] . On the other hand, there are only a few studies, mainly descriptive, some experiments and other reviews, suggesting the effectiveness in patients with this condition.
The effect of sildenafil compared with placebo, from a random effects meta-analysis was found to be large [12] [13] [14] [15] . This topic has been widely discussed in clinical practice; however, there was no clear statement about it. This paper remarks the importance of prescribing sildenafil to patients with SCI. Nevertheless, urologists must realize the variety of tests used to measure the outcome (IIEFrelated tests, GEA and EDITS). This is according to the study of Jia et al. [19] who considered PDE5 inhibitors as the main option in SCI patients, mainly using sildenafil as we found. This SR shows the similarities among the different tools while we standardized them to find a more generalizable result.
The study of Ergin et al. [14] shows a very low effect inducing high heterogeneity. If this study is removed, the effect would be consistent, but the heterogeneity will be lowered, which is important for assessing the real effect and for generalizing the results among the SCI population.
Tadalafil compared with placebo showed a moderate effect, while the effect of vardenafil was small. The last comparisons were based only on a single study [16, 17] because of which the results cannot be generalized in the SCI population; this is a serious limitation. The improvement with tadalafil was based on IIEF-EF, SEP2 and 3 scales. We found flaws in the quality assessment by the Cochrane risk of bias tool and high statistical heterogeneity. Regarding vardenafil, we found high heterogeneity on the scales used (IIEF-EF, SEP2 and 3). There was also unclear and high risk of bias in most of the items of the Cochrane tool. This agrees with the published literature. Four studies described the efficacy of sildenafil, one showed the efficacy of vardenafil and the other one talked about tadalafil. All of them have the same pharmacologic mechanism. Sildenafil is the most frequently used PDE5 inhibitors in the general and in SCI populations, which could explain partly, the higher effect from sildenafil. Besides, we lack studies from the other 2 PDE5 inhibitors.
The positive effect is consistent among the 3 PDE5 inhibitors , so people with this condition could use them for treating ED, especially sildenafil. In contrast, we lack evidence to support the use of PDE5 inhibitors in patients with multiple sclerosis or any other central nervous system disturbance, since studies are scarce and lack good quality [20, 21] . Regarding adverse effects, we found high heterogeneity describing this aspect on different studies; however, it was important to see that the most frequent ones were headache and flushing, according to literature related to the general population and SCI [18, 19] .
Finally, we would like to mention here that there are other important tools that the urologists have on their hands (vaccum, papaverine, prosthesis, among others); however, these other tools lack evidence that supports their use in this population [22] .
Limitations
There was high heterogeneity that could be explained by studies with a low sample size and the variety of scales used to measure the outcome. The use of different tools represents a problem at the moment of the interpretation in a clinical context.
In a broad vision, looking at the risk of the bias table across studies, we noticed that the studies have flaws on the quality in almost all areas, mainly in patient selection, blinding and outcomes data (except in reporting bias). These findings limit the stated conclusions.
Conclusion
PDE5 inhibitors are effective for the treatment of erectile dysfunction secondary to SCI; however, we must attempt to better design randomized controlled trials and standardize the best tool to assess EF.
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